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(57) ABSTRACT

The invention relates to an electric cable (10) with at least
four, preferably exactly four, wires (A, B, C, D) arranged in a
first and a second pair, wherein each of the pairs comprises a
first (A, B) and a second wire (C, D) each, wherein the wires
(A, C) belonging to the first pair are arranged parallel to each
of her on a first plane at least in a first (11) and a third
longitudinal section (13), and the wires (B, D) belonging to
the second pair are arranged parallel to each other on a second
plane and the two planes intersect in a line of intersection,
wherein the line of intersection runs parallel to the wires (A,
B, C, D) and the distances between one wire (A, B, C, D) each
and the line of intersection are identical, wherein the angle of
intersection (y) between the planes is 90° in at leas(the first
longitudinal section (11) and wherein the first wire (A) of the
first pair is transposed with the first wire (B) of the second pair
and the second wire (C) of the first pair is transposed with the
second wire (D) of the second pair in a second longitudinal
section (12), wherein the angle of intersection (o) between
the planes is different from 90° at least in the third longitudi-
nal section (13).
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ELECTRIC CABLE DEVICE FOR FIXING
ELECTRIC CABLE WIRES, CONNECTING
CONTACT AND METHOD OF
MANUFACTURING AN ELECTRIC CABLE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to German
Patent Application No. 10 2010 045 444 .3, filed Sep. 15,
2010.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] No federal government thuds Were used in research-
ing or developing this invention.

NAMES OF PARTIES TO A JOINT RESEARCH
AGREEMENT

[0003] Not applicable.

SEQUENCE LISTING INCLUDED AND
INCORPORATED BY REFERENCE HEREIN

[0004] Not applicable.
[0005] Description
[0006] Electric cord, appliance for fastening wires of an

electric cable, connecting contact and method for the manu-
facture of an electric cable.

[0007] The invention relates to an electric cable according
to the characterizing clause of patent claim 1, an appliance for
fastening wires of an electric cable according to the charac-
terizing clause of patent claim 4, a connecting contact accord-
ing to the characterizing clause of patent claim 8 as well as a
method for the manufacture of an electric cable.

[0008] Electric cables with at least four, preferably exactly
four, wires have been disclosed in the prior art, which are
arranged in a first and a second pair, wherein each of the pairs
comprises a first and a second wire each, wherein at least the
wires belonging to the first pair are arranged parallel to each
other on a first plane in a first longitudinal section and the
wires belonging to the second pair are arranged parallel to
each other on a second plane, and the two planes intersect in
one of the lines of intersection, wherein the line of intersec-
tion runs parallel to the wires and the distances between one
wire and the line of intersection each are identical, wherein
the angle of intersection between the planes equals 90° in at
least the first longitudinal section. Cables with said arrange-
ment of wires are referred to as star quad cables. Star quad
cables are frequently used in particular in the field of auto-
mation engineering for the transmission of Ethernet signals
and have long been known in the field of telephone engineer-
ing.

[0009] EP 1422791 Al discloses an arrangement of con-
tacts in a plug-and-socket connector in such a way that the
spatial arrangement of the star quad remains intact,

[0010] Furthermore, so-called cable managers, i.e. cable-
organizing inserts for connecting contacts used to fasten the
wires of an electric cable at a defined relative position from
each other have been disclosed. Said cable-organizing insert
is disclosed, for example, in DE 10 2009 010 492 B3.
[0011] Cables e often equipped with a plug on both ends,
with an identical pin assign t. Said cables are referred to as
so-called patch cables.
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[0012] FIG. 1 shows a cable 10 with 4 wires A, B, C, D
arranged in a first and a second pair. The first, pair comprises
a first wire A and a second wire C, while the second pair
comprises a first wire B and a second wire D. The wires A, C
belonging to the first pair are arranged parallel to each other
on a first plane at a distance d, while the wires B, D belonging
to the second pair are arranged parallel to each other on a
second plane at a distance d. The two planes intersect in a line
of intersection which runs parallel to the wires A, B, C, D. In
the process, the sections between on wire A, B, C, D each and
the line of intersection are identical. The angle of intersection
between the planes is 90°. This means in particular that the
distance between two neighboring wires, i.e. the distance a
between the wires A and B, the distance a between the wires
A and D, the distance a between the wires B, C, as well as the
distance a between the wires C, D, are identical (cp. FIG. 25).
If the wires at a first end 10a of the cable 10 are arranged in a
clockwise view A, B, C, D, then the wires are arranged in the
clockwise order A, D, C, B with a top view of the second end
105 of the corresponding cable 10. Both ends 104, 105 of the
cable 10 comprise a connecting contact 20a, 205 each. The
connecting contacts 20a, 205 can be designed as bushings as
illustrated in FIG. 1. Alternatively, the connecting contacts
20a, 205 can be designed as plugs. It is essential that the type
of’both connecting contacts 20a, 205 is identical if connecting
contacts 20a, 205 are supposed to be installed on both ends
104, 105 of the cable 10, whose contacts 21 have the same pin
assignment, namely in particular an assignment of the con-
tacts 21 in a clockwise direction in the order A, B, C, D, it is
necessary to transpose the wires (cp. FIG. 2a). For wire trans-
position, the first wire A of the first pair is transposed with the
first wire B of the second pair and the second wire C of the first
pair is transposed with the second wire D of the second pair.
Said transposition means that the routing of the first wire A of
the first pair and the first wire B of the second pair is essen-
tially switched after the transposition and the outing of the
second wire C of the first pair and the second wire D of the
second pair is also essentially switched. The wire transposi-
tion achieves that the arrangement of the wires in a clockwise
directions A, B, C, D, with a top view of the two ends 10a, 105
of the cable 10. As evident from FIG. 2 in combination with
FIG. 1, the connecting contact 205 with the identical pin
assignment as connecting contact 20a can then be applied to
the transposed end 10/ of the cable 10. However, the wire
transposition significantly reduces the transmission proper-
ties of tale cable.

[0013] Therefore, the object of the invention is to provide a
wire arrangement aimed at compensating the effects caused
by the wire transposition to the greatest possible extent and at
improving the transmission properties of a cable with trans-
posed wires.

[0014] The object of the invention is solved with an electric
cable with the properties of patent claim 1 as well as an
appliance for fastening wires of an electric cable with the
properties of patent claim 4 and a connecting contact for an
electric cable with the properties of patent claim 8. Further-
more, a method for the manufacture of an electric cable
according to the invention is described in patent claim 11.
[0015] Advantageous embodiments and updated versions
of the invention are described in the related claims.

[0016] The electric cable according to the invention with at
least four, preferably exactly four wires arranged in a first and
a second pair, wherein each of the pairs comprises a first and
a second wire each, wherein at least the wires belonging to the
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first pair are arranged parallel to each other on a first plane in
afirst and a third longitudinal section and the wires belonging
to the second pair are arranged parallel to each other on a
second plane and the two planes intersect in a line of inter-
section, wherein the line of intersection runs parallel to the
wires and the distances between one wire each and the line of
intersection are identical, wherein the angle of intersection
between the planes is 90° in at least the first longitudinal
section and wherein the first wire of the first pair is transposed
with the first wire of the second pair and the second wire of the
first pair is transposed with the second wire of the second pair
in a second longitudinal section, is characterized in that the
angle of intersection between the planes is different from 90
in at least the third longitudinal section. As a result, two wires
belonging to different pairs are routed at a closer parallel
distance from each other after the transposition than in the
first longitudinal section. This generates a high-frequency
coupling which counters the unintended coupling in the
region of the transposed wires and improves the transmission
properties of the cable as a result.

[0017] The angle of intersection between the planes is pref-
erably between 40° and 80°, preferably about 60°, in the third
longitudinal section. Said angle of intersection results in spa-
tial proximity of the wires routed closer to each other which is
particularly suitable to counter the unwanted coupling caused
by the wire transposition.

[0018] According to a preferred embodiment of the inven-
tion, the cable comprises a first connecting contact and a
second connecting contact, wherein the first longitudinal sec-
tion is arranged in sections in the first connecting contact and
the third longitudinal section is arranged in sections in the
second connecting contact. A cable can be realized as easily
as possible in this way, which is equipped with a connecting
contact on both ends, with an identical pin assignment, i.e. in
particular a so-called patch cable.

[0019] The appliance according to the invention for fasten-
ing at least four, preferably exactly four, wires of an electric
cable, in particular an electric cable according to the inven-
tion, wherein the appliance comprises four retainers for the
four wires, wherein the four retainers are arranged in a first
pair and a second pair, wherein each of the pairs comprises a
first and a second retainer each, wherein at least the retainers
belonging to the first pair are parallel to each other on a first
plane in a longitudinal section and the retainers belonging to
the second pair are arranged parallel to each other on a second
plane and the two planes intersect in a line of intersection,
wherein the line of intersection runs parallel to the retainers
and the distances between a retainer and the line of intersec-
tion are identical, is characterized in that the angle of inter-
section between the planes is different from 90°. By means of
said appliance, the desired wire arrangement for compensat-
ing the crosstalk in the area of the transposed wires across a
desired longitudinal section can be easily defined beyond the
area of the transposed wires.

[0020] Theretainers of the first pair are preferably designed
atleast in sections as feed-through openings and/or the retain-
ers of the second pair at least in sections as half-open cham-
bers arranged on the outside of the appliance. Said design of
the appliance allows the simple reproduction of the arrange-
ment and a reliable fastening of the wires relative to each
other.

[0021] The chambers preferably comprise locking lugs
allowing the corresponding fastening of the wires in the
chambers.
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[0022] An appliance according to the invention is used in
particular in an electric cable as described above.

[0023] The connecting contact according to the invention
which is preferably designed as snap-in connector for a cable
comprising at least four, preferably exactly four, wires,
wherein the four wires are arranged in a first and a second pair,
wherein each pair comprises a first and a second wire each,
wherein at least the wires belonging to the first pair are par-
allel to each other on a first plane in a first and a third longi-
tudinal section and the wires belonging to the second pair are
arranged parallel to each other on a second plane and the
two-planes intersect in a line of intersection, wherein the line
of intersection runs parallel to the wires and the wires
between one wire and the line of intersection are identical,
wherein the angle of intersection between the planes is 90° in
at least the first longitudinal section, is characterized in that
the angle of intersection between the planes is different from
90° in at least the to longitudinal section. This way, the nega-
tive effects the connecting contact caused by the wire trans-
position are largely compensated, making it possible to
arrange the contacts in the known star quad arrangement.

[0024] It is particularly preferred if the connecting contact
comprises an appliance for fastening at least four, preferably
exactly four, wires of an electric cable as described above, so
that a defined wire organization within the connecting contact
can be easily realized.

[0025] The method according to the invention for the
manufacture of an electric cable with at least four, preferably
exactly four, wires arranged in a first and a second pair,
wherein each of the pairs comprises a first and a second wire
each, wherein at least the wires belonging to the first pair are
arranged parallel On a first plane in a first longitudinal section
and the wires belonging to the second pair are arranged par-
allel to each other on a second plane and the planes intersect
in a of intersection, wherein the line of intersection runs
parallel to the wires, comprising the steps:

[0026] Leadthrough ofthe wires ofthe first pair through the
feed-through openings of an appliance for fastening at least
four, preferably exactly four, wires of an electric wherein the
appliance comprises four retainers for the four wires, wherein
the four retainers are arranged in a first and a second pair,
wherein each of the pairs comprises a first and a second
retainer each, wherein the retainers belonging to the first pair
are arranged parallel to each other on a first plane at least in
one longitudinal section and the retainers belonging to the
second par are arranged parallel to each other on a second
plane and the two planes intersect in a line of intersection,
wherein the line of intersection runs parallel to the retainers,
wherein the distances between one retainer each and the line
of intersection are identical and the angle of intersection
between the planes is different from 90°, wherein the retain-
ers of the first pair are designed as feed-through openings and
the retainers of the second pair are designed as half-open
chambers arranged on the outside of the appliance,

[0027] Rotation of the appliance around its longitudinal
axis around an angle of rotation greater than the angular
distance between two neighboring wires,

[0028] Insertion of the wires of the second pair into the
half-open chambers.

[0029] This allows the easy reproduction of the wire trans-
position in an electric cable as well as the subsequent wire
arrangement to compensate the effects caused by the wire
transposition.
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[0030] The invention is explained in detail based on the
following figures.

[0031] In the figures

[0032] FIG. 1 shows a view in perspective of a cable with
two connecting contacts,

[0033] FIG. 2a shows a view in perspective of a wire trans-
position according to the state of the art,

[0034] FIG. 256 shows a sectional view through the wire
arrangement of the cable according to FIG. 2a after the wire
transposition according to the state of the art,

[0035] FIG. 3a shows a view in perspective of a wire trans-
position according to the invention,

[0036] FIG. 3b shows a sectional view through the wire
arrangement of the cable according to

[0037] FIG. 3q after the wire transposition according to the
invention,
[0038] FIG. 4 shows a view in perspective of an appliance

for fastening wires,

[0039] FIG. 5 shows a frontal view of the appliance accord-
ing to FIG. 4,
[0040] FIG. 6 shows a view in perspective of a section of a

cable according to the invention,

[0041] FIG. 7 shows a comparison of the transmission
properties of a cable according to the state of the art with a
cable according to the invention.

[0042] FIG. 1 shows a cable 10 with four wires A, B, C, D,
Wherein the wires A, C form a first pair as well as the wires B,
D form a second pair. As shown in FIG. 6, the cable 10
according to the invention comprises a first longitudinal sec-
tion 11 and a third longitudinal section 13, in which the wires
A, C, belonging to the first pair are arranged parallel to each
other on a first plane at a distance d and the wires B, D
belonging to the second pair are arranged parallel to each
other on a second plane at a distance d and the two planes
intersect in a line of intersection, wherein the line of intersec-
tion runs parallel to the wires A, B, C, D and the distances a
between one wire A, B, C, D each and the line of intersection
are identical, namely in particular d/2. In the first longitudinal
section, the angle of intersection between the planes is 90°.
[0043] FIG.25shows across section through a longitudinal
section of a cable according to the state of the art, correspond-
ing to a cross section through the first longitudinal section 11
of the cable 10 according to the invention.

[0044] A wire transposition is arranged in a second longi-
tudinal section 12 between the first longitudinal section 11
and the third longitudinal section 13 (cp. FIGS. 3a and 6). In
it, the first wire A of the first pair is transposed with the first
wire B ofthe second pair and the second wire C of the first pair
is transposed with the second wire D of the second pair. The
transposition means in particular that the further routing of
the corresponding wires is essentially switched after the
transposition. The wire transposition achieves that the
arrangement of the wires viewed in a clockwise directionis A,
B, C, D with a top view of the two ends 10a, 106 of the cable
10. The same is also achieved if the first wire A of the first pair
is transposed with the second wire D of the second pair and
the second wire C of the first pair is transposed with the first
wire B of the second pair.

[0045] In said wire transposition, the wires A, B, C, D are
routed close to each other in such a way that crosstalk takes
place between the corresponding wires A, B, and C, D.
According to the invention, an angle of intersection a other
than 90° is selected between the planes in the third longitu-
dinal section 13 to compensate this effect (cp. FIG. 3b).
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Indeed, the distance d between the wires A, C of the first pair
and the wires B, D of the second pair remains identical, two
wires of different pairs, namely wires A, D and B, C are routed
at a distance a' relative to each other that is smaller than in the
first longitudinal section 11, while the respective other wires
of different pairs, namely wires A, B and C, D are routed at a
greater distance a" relative to each other than in the first
longitudinal section 11, which specifically achieves a
crosstalk between the wires A, D and B, C, aimed at compen-
sating the coupling effect of the wire transposition as a result.
The angle o preferably ranges between 40° and 80°, and is,
for example, about 60°.

[0046] An appliance 30 according to the invention can be
used to fasten the wires A, B, C, D in the third longitudinal
section 13, which is illustrated in FIGS. 4, 5, and 6. The
appliance 30 comprises a cylindrical first section 31 and a
cylindrical second section 32, wherein the diameter of the
second section 32 is greater than the diameter of the first
section 31. The appliance 30 comprises four retainers 33a,
33b, 34a, 34b for retaining the wires A, B, C, D, wherein the
four retainers 33qa, 335, 34a, 345 are arranged in a first pair
33a, 33b and a second pair 34a, 34b, wherein each of the pairs
comprises a first retainer 334, 344, and a second retainer 335,
34b each. Theretainers 334a, 335 belonging to the first pair are
arranged parallel to each other on a first plane at a distance d
and the retainers 34a, 345 belonging to the second pair are
arranged parallel to each other on the second plane at a dis-
tance d. The two planes intersect under an angle of intersec-
tion f§ in a line of intersection, wherein the line of intersection
runs parallel to the retainers 33a, 331,, 34a, 344 and the
distances between one retainer 33a, 335, 34a, 345 each and
the line of intersection are identical. The angle of intersection
[ between the planes is different from 90° and in particular
corresponds to the angle of intersection a of the planes of the
wire arrangement in the third longitudinal section 13. Con-
sequently, the angle of intersection 11 is preferably between
40" and 80° and is, for example, about 60°.

[0047] in the first section 31, the retainers 33a, 335, 34a,
34b are designed as longitudinal grooves arranged in a lon-
gitudinal direction on the outside of the cylindrical section 31,
in the second section 32, the retainers 33a, 335 are designed
as feed-through openings, while the retainers 34a, 345 are
designed as halt-open chambers arranged on tie outside of the
appliance 30. At least the retainers 34a, 3456 comprise locking
lugs at least in the second section 32, to fasten the wires A, B,
C, D to be inserted in the retainers 34a, 345. Furthermore, the
retainers 33a, 335, 34a, 345 can comprise locking lugs in a
first section 31 in such a way that the wins to be inserted are
retained by clamping in the corresponding retainers 33a 335,
34a, 34b.

[0048] The appliance 30 is used in particular as follows, In
order for both ends 10q, 105 of the cable 10 according to FIG.
1 to have an identical pin assignment of the connection con-
tacts 20a, 205 to be connected, wire transposition is required
in the second longitudinal section 12. For this purpose, the
wires initially arranged in a clockwise direction in the order
A, D, C, B, (cp. FIG. 1) are transposed by means of the
appliance 30 and fastened as follows. First, the wires A, C of
the first pair are inserted into the feed-through openings ofthe
retainers 33a, 33b. Next, the appliance 30 is turned by an
angle of rotation that is greater than the angular distance
between two neighboring wires. In particular, the appliance
30 is rotated by 180° around its longitudinal axis. Then the
wires B, D ofthe second pair can be inserted into the retainers
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344, 34b and fastened in particular with a clamp. On the one
hand, a defined wire transposition is achieved this way. On the
other hand, the wires A, B, C, D in the third longitudinal
section 13 are fastened at the desired relative distance to each
other, wherein in particular the distance a' between the wires
A, D as well as the distance a' between the wires B, C is
smaller than the distance a" between the wires A, B and the
distance a" between the wires D, C (compare FIG. 35).
[0049] The arrangement of the wires in a clockwise direc-
tionis now A, B, C, D both at the first end 104, of the cable 10
as well as on the second end 105 of the cable 10, so that a
connecting contact 20a can be connected to the first end 10a
and a connecting contact 205 to the second end 105, wherein
both connecting contacts 20a, 205 comprise identical pin
assignments. The free ends of the wires A, B, C, D are con-
nected to the corresponding contacts 21 of the connecting
contacts 20a, 205, wherein the relative arrangement of the
wires A, B, C, D, is changed again when the wires A, B, C, D
ofthe second end 105 of the cable 10 are connected in such a
way that the distances of the neighboring wires A, Band A, D
B, C, and D, C are again identical, Which means that the angle
of intersection between the planes of the wire pairs is 90°.
[0050] FIG. 7 shows a comparison of the transmission
properties NEXT (Near End Crosstalk) of a connecting con-
tact with a wire routing according to the state of the art such
as illustrated in the FIGS. 2a, 26 as well as a connecting
contact with a wire routing according to the invention as
illustrated in the FIGS. 34 and 34. The curve numbered 50
represents a bounding curve in the category 6 A for the NEXT
values. The curve numbered 51 shows the NEXT values of a
connecting contact according to the state-of-the art with wire
routing according to the FIGS. 2a and 25, wherein these
values are above the intended bounding curve 50 within a
large frequency range and are therefore worse than desired.
The curve 52 refers to the NEXT values of a connecting
contact according to the invention with wire routing accord-
ing to the FIGS. 3a and 3b. It shows that the NEXT values of
the connecting contact according to the invention are below
the intended bounding curve 50 within the depicted frequency
range which means that the wire arrangement according to
the invention achieves a significant improvement of the trans-
mission properties of the cable 10.

LIST OF REFERENCE SIGNS

[0051] 10 Cable

[0052] 10a First end

[0053] 104 Second end

[0054] 11 First longitudinal section

Mar. 13, 2014

[0055] 12 Second longitudinal section
[0056] 13 Third longitudinal section
[0057] A First wire of the first pair
[0058] B First wire of the second pair
[0059] C Second wire of the first pair
[0060] D Second wire of the second pair
[0061] 204 Connecting contact

[0062] 205 Connecting contact

[0063] 21 Contact

[0064] 30 Appliance for fastening wires
[0065] 31 First section

[0066] 32 Second section

[0067] 33a Retainer

[0068] 335 Retainer

[0069] 34a Retainer

[0070] 3454 Retainer

[0071] 50 Bounding curve

[0072] 51 NEXT values

[0073] 51 NEXT values

[0074] a,a', a" Distance

[0075] d Distance

[0076] o Angle of intersection

[0077] P Angle of intersection

[0078] v Angle of intersection

I hereby claim:

1. An appliance for fastening at least four, preferably
exactly four, wires of an electric cable, in particular an electric
cable according to claim 1, wherein the appliance comprises
four retainers for the four wires, wherein the four retainers are
arranged in a first and a second pair, wherein each of the pairs
comprises a first and a second retainer each, wherein the
retainers belonging to the first pair are arranged parallel to
each other on a first plane in at least one longitudinal section
and the retainers belonging to the second pair are arranged
parallel to each other on a second plane and the two planes
intersect in a line of intersection, wherein the line of intersec-
tion runs parallel to the retainers and the distances between
the retainers each and the line of intersection are identical,
further comprising wherein that the angle of intersection ()
between the planes is different from 90°.

2. The appliance of claim 1, further comprising wherein
that the retainers of the first pair are designed as feed-through
openings at least in sections.

3. The appliance of claim 1, further comprising wherein
that the retainers of the second pair are designed at least in
sections as half-open chambers on the outside of the appli-
ance.

4. The appliance of claim 3, further comprising wherein
that the chambers comprise locking lugs.
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